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II cm i rregula rit ies Recent research has indicated that ion col i. ilufl

(i.Q., ion-ion) are necessary for the de,;tabii ization of the mode durjn

equatorial spread F LIIUBA et at. , 1978; IIUBA and OSSAKOW, 1979a j. OIn the

otth2r hand, electron collisions (i.e., electron-ion, electron-electron,

ecctron-neutral) are a stabilizing influence and place a threshold condition

on the gradient scale length necessary to excite the instability LIHIliA and

USSAKOW, 1979a, 1980; SPERLING and GOLDMAN, 1980]. The analysis of theL!

coLlisional effects are fairly complex and, to some degree, obscure the

underlying physics involved. The purpose of this paper is to present a

simple discussion of the lower-hybrid-drift instability which elucidates the.

physical mechanism of the mode and the effects of collisions. For pedagogical

purposes we consider an over-simplified model of the ionospheric plasma.

Thus, the results presented (e.g., growth rates, threshold conditions) are

not quantitatively accurate but are of a "back-of-the envelope" nature.
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It. TIHEORY

A. 'qtI i I it) 1riu m aIId Assumpt ionls

We cousid.er a p.lasma Inmersced in i hoogne'g ous, unidirectional

migleLtic fid B = Be wi th an inlomogeneous density profile n = n (x) asz 0

shown in Fig. l a. For simplicity we choose T. = constant and T = 0. The

influence of finite electron temperature effects is discussed in Section III.

The equilibrium drift is V = V where d cT /CB) , n / x is theVdi ey Vdi c.e3 .n/xi h

ion di amagnet ic drift velocity. This drift provides the free energy to drive

the instability. We point out that V di v for ionospheric spread F con-

ditions (here, v. is the ioll thermal velocity). Collisions are neglected in1

the equilibrium configuration since we are interested in time scales much

shorter than the diffusion time. In the stability analysis we assume that

perturbed quantities vary as exp Li (ky - wt)]. That is, we consider flute

perturbations so that k • B = 0. We consider electrostatic oscillations

since I< I and make use of the local approximation which requires k L >:' 1n

where L = ( j, /3x). - l Also, we assume that w << so the electrons aren o e

strongly magnetized. Finally, we assume that the ions behave as unmagnetized

particles which is crucial to the instability. The ions have an equilibrium

distribution function which can be described by

1i (4;"./" exp (vx2 + (vy - Vdi )2 + v , 2 )/vij

B. Collisionless Plasma

It is worthwhile to first discuss the physics of the lower-hybrid-

drift instability in coil isionless plasmas before introducing collisional

L I eeoLs. The assumpLion of unmagnetized ions is justifiable for time scales

:31
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Fig. 1 - Equilibrium and electron dynamics in the wave field. I11 ab " d eornetry
and equilibrium configuration. (11)) Elect ron motion in the wave field I Ilevre ,
'V is the ExB dIrift, Vp is the polarization drift and I-'(, is t he force onl electrons
due to collisions.



imch i m;ilJ ij r Luala , ill '''Iuj~c l ,d io,,, r CaL! -jL ' :I + j i  and

[5i Lhc i ki CvC lot F(ll pcr id). liar;. hlc ions iitvc' s ra i git Ii ne orbi L '0

ti I 1S L ini -Sc;i. l~ V V I5 ci>;i WIVc--; -nt i th t kV. -( Lilit

the llre arci adiabaLic (L . c., Tn/n - Tl.). 'I'll ILectrons, on the otL:rC ) L

hand, are sL rong liv, n ; nct i zc nd c 15C( itclL' a ll OS At r y ]".i dri. ft ( =

-]i/ B) ;and .u puo Irixt ion dri f (I 7 (/ ) , A) Ls sc a" thow in Fig. lb.

IL' L )0Vk2L - I I t I i britiill iv s risc L a1 drit L (Iar Ve.

= kVd/ ( + k " ) (2

wih ic I propagates ,ic ross the nl;.,c Li c f i ed in tic di rce ct ion of t Le iLon d i a-

magnctic drift (wherc p -. (T.il )/'." ').
,L'S t '. (i

Tb s drifL wave cln b1)c o me uns tab ic beu czius of i nVe rs io n Landau

damp ing. Tiat is, the wave can absorb energy f-rom a group of ions moving

in phase wiith the wave. This can bc, seen by noting that

w + w 0 3
W p

where' W and W$ a r the tite rate.S of changc of the wave energy density andw 1)

particle tinc rgy dlnsity, rcspucLcivlv. Now,

w

and

1)) , -y v=y k

V y )V v =

y k
ki

. . .. . .. ... _ __ , ... , , .i
o 
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III. DISCUSSION

Our purpose has been to give a physical discussion of til oj wLr-!,,brid-

drift instability. This instability is presently the Io0L pruoli ,i1l,,

tion of small-scale irregularities (t 1 m) observed during equato,riaa pr,-ad

F. The key features of the mode are:

i. The instability excites a drift wave propagating across tlkt

magnetic field.

2. The wave is driven by the free energy provided by the density

gradient and the energy exchange occurs via an ion-wave

resonance.

3. For an ion-wave resonance to occur the ions must be able to move

across the magnetic field. This is possible under two conditions:

a. In a collisionless plasma, one considers time scales such that

y > ..
I

b. In a collisional plasma, ion-ion collisions allow the ions

to move across the magnetic field. The condition is

(v.ii/fi)k2 r i2 1.
ii /Qi ) "rLi 1

4. Electron collisions allow the electrons to absorb energy from

the wave and therefore provide a damping mechanism.

5. An approximate threshold condition for instability is:

a. Collisionless plasma

n rLi (mi/ e

b. Collisional plasma

L < r i(ky/V en rLi (ki/e)

9I



Finally, we mention that inclusion of finite electron temperature effects

introduces (i) finite electron Larmor radius effects which modify the disper-

sion properties of the mode and (ii) an electron diamagnetic drift which

increases the free energy of the initial equilibrium.
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